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The punciid ostracod has, since its discovery been recognised as a probable living 
representative of the Palaeozoic Kirkbvacea. Similarities in larval development of the 
carapace are discussed including a comparison of the manawan nauplius with an unusual 
Ordovician ‘larva’ Melopetasus. Internal structure, reticulation, muscle scars, ornamenta- 
tion and the frill of the punciid carapace more closely resemble the kirkbyid pattern than 
that considered typical for modern, extant, podocopid ostracods. The anatomy of the 
punciid trunk displays remarkable similarity posteriorly to that found on the extant 
platycopid Cytherella. This condition is considered plesiomorphic for ostracods. [ ] 
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The recent recovery of rare, live specimens of 
the punciid ostracod Manawa staceyi has led to 
a dramatically improved, though incomplete, un- 
derstanding of the anatomical and ontogenetic 
peculiarities of the Punciidae (Swanson, 1989a, 
b). Specimens of the remaining punciid genera 
Promanawa and especially Puncia also occur 
rarely, in both cases however, only disarticulated 
valves have been found. From the time of its 
initial discovery (Hornibrook, 1949) Puncia has 
been recognised as an animal whose biology, 
once documented, could have profound effects 
in areas much broader than the discipline of 
ostracodology from whence such data was 
generated. 

Although “..reluctant to assert that a repre- 
sentative of a group of ostracods, which ap- 
parently died out elsewhere in the Devonian (400 
MYBP), is still living in the South Pacific’, 
Hornibrook (1949) established (a) that both Pun- 
cia and Manawa were unlike any other known 
living ostracod, and (b) Puncia most closely 
resembled members of the Palacozoic (Lower 
Ordovician — Upper Devonian) ostracod family 
Eurychilinidae. Later, after a more detailed re- 
examination of the 1949 specimens and addi- 
tional fossil material of Puncia from the 
Miocene (20 MYBP) of New Zealand, he con- 
cluded ‘The only feasible conclusion is to regard 
the Punciidae as a relict group of Paleocopida, 
which were the dominant order of ostracodes in 
the Palaeozoic' (Hornibrook, 1963). 

It is not the purpose of this paper to document 
historically the development of punciid classifi- 


cation since that time, such interests are ade- 
quately accommodated elsewhere (Swanson, 
1989a). It should be noted however, that the 
dolonic dimorphism displayed by a number of 
eurychilinids is not found in the frill of Puncia 
(Swanson, 1985). Additionally the ‘lunettes’ of 
Manawa which Hornibrook felt may indicate a 
brooding capability, arc now considered a sim- 
ple, economic form of buttressing between the 
carapace proper and its sole (Swanson, 19894). 
In most sexually dimorphic podocopid ostra- 
cods, males and females may be distinguished by 
variations in carapace shape and size; Nohara 
and Nakasone (1982), after examining a number 
of valves of Manawa konishii, considered equiv- 
alent differences also occur in the punciids. 

In many respects, the release of some anatomi- 
cal and ontogenetic details for Manawa staceyi 
(Swanson, 1989b) created more difficulties than 
were solved. At least three instars carry a single, 
horizontal, shield-like carapace; a feature 
hitherto unrecorded for ostracods. Although the 
adults are bivalved, each valve is extended later- 
ally during ambulatory excursions presenting an 
exaggerated gape. This contrasts sharply with a 
vertical stance and 15 — 20? gape (Benson, 1981) 
for ‘normal’ ostracods. Anatomically, Manawa 
staceyi possesses a segmented abdomen and 
paired furcaxlamellae; metanaupliar develop- 
ment witnesses the addition of four pairs of 
homonomous, thoracic legs, the anterior — most 
progressively assuming a locomotory/trophic 
role. Cephalisation, however, remains in- 
complete at maturity. Since the appearance of 
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FIG. 1. Upper Cretaceous — Recent distribution of the ostracod genera Manawa, Promanawa and Puncia. 


the 1989 papers I have become aware of other 
work (Fig. 1) which in retrospect adds consider- 
ably to the discussion of some *manawan novel- 
ties’. Conversations with a number of Palaeozoic 
ostracod researchers at the 1989 “European Os- 
tracodologists' Meeting' in Frankfurt and pro- 
gress in my own investigation of platycopid and 
polycopid ontogeny now mean that sufficient 
new data are available to warrant a reassessment 
of the punciid ostracod and its relationship to 
other crustaceans. 


THE PUNCIID CARAPACE 


LARVAE 

As previously stated, the single, dome-shaped 
carapace carried by the nauplius of Manawa 
staceyi (Figs 3D, E) is unique for ostracods and 
possibly for Crustacea. Phaselus larvae, first de- 
scribed from the Ordovician (500-400 MY BP) 
of Spitsbergen by Fortey and Morris (1978), 
were considered by those authors to be the re- 
mains of ‘nauplius-like’ trilobite larvae. Schram 
(1982) disputed this claim, including in his rea- 
soning the fact that a doublure is not unique to 
trilobites (the presence of a doublure on phaselus 
larva was seen by Fortey and Morris as a key 
indicator that such remains were trilobitan). By 
definition (Harrington, et al., 1959) the earlier 
described carapace sole (Swanson, 1989b) of 
Manawa also qualifies as a doublure. Schall- 
reuter (1979) considered similar remains from 


Upper Ordovician erratics on the Isle of Sylt as 
representing “an ontogenetical stage of a bi- 
lateral-symmetrical animal (? trilobite).' Signif- 
icantly, a smaller larval form (Melopetasus), 
which displays quite remarkable similarities to 
the carapace of the manawan nauplius, was also 
isolated (compare Fig 3D, E, G, H). The weight 
of evidence, I believe, favours acceptance of the 
Ordovician dome-shaped larvae as punciid-like 
(or at least ostracodal) rather than trilobitan. One 
must acknowledge that the position of the 
phaselus (a bilaterally symmetrical body created 
by the folding of a dome along a ‘dorsal’ axis) in 
this scenario is problematic. In Manawa staceyi, 
during the transition from nauplius to 
metanauplius, the naupliar dome occasionally 
shows evidence of slight infolding (Fig. 3D); 
examples of the exaggerated phaselus-type fold, 
however, have never been recovered from mod- 
ern sediments. Either the phaselus is unrelated to 
the manawan-type naupliar dome (favoured by 
this author) or it may represent an additional 
larval stage which has subsequently been elimi- 
nated from the *punciid' ontogeny. 

In the Cambrian (520 MYBP), phosphato- 
copine bivalvedness (exhibited by Hesslandona 
unisulcata) is achieved by the folding of the 
carapace along a dorsal mid-line (Müller,1982). 
This contrasts with modern podocopid ostracods 
in which an array of complex hinge structures 
develop around a dorsal, mid-line suture (see 
Swanson, 1990). It is most likely that the plesio- 
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morphic crustacean naupliar condition occurs 
within a varicty of forms described from the 
Upper Cambrian of Sweden (Müller and Walos- 
sek, 1986, 1985; Walossek and Müller, 1989). In 
fact, as indicated by those authors, the Cambrian 
larval types A and B are remarkably similar to 
ike free-living naupliar groundplan exhibited by 
a number of extant crustaceans, To dale no 
equivalent of the manawan naupliar dome has 
been recorded fram the Cambrian, acknow- 
ledging the possibility that such remains are 
overlooked simply because they are so unfumil- 
iar. 

Extant species of Afanawa occur in shallow. 
high-energy, marine environments; as 1 con» 
sequence one is led to speculate that the develop- 
ment of a relatively heavy naupliar carapace. 
although offering protection. also locked such 
lurvac inta a non or pourly dispersive. benthic 
mode, The fact that nauplius larvae are recovered 
in reasonable. numbers with the adults suggests 
the eggs also remain quite lucalised during 
development (there is to date no evidence af 
hrooding); no podocopid ostracods, as far us | am 
aware, utilise a saturation method of tgg produc- 
tion/fertilisation to promote dispersal into the 
plankton. Perhaps therefore we should, as Hor- 
nibrook suggested, consider the punciids as re- 
lict, a shadow of their farmer selves, the 
Kirkbyacea — the assumed ancestral stock of the 
Punciacea (Swanson, 19894) — whose more re- 
went (15 MY = present day Y distribution (Fie. 1) 
in aseries of isolated, widely-Jistributed pockets 
is the remains of a diversive/dispersive event 
which climaxed some three to lour hundred mil- 
lion years apo. 


MUSCLE SCARS 

In ostracod taxonomy, muscle scars arc an 
extremely useful tool. Most specimens (lussil 
and living) of punciid ostrácods display a full 
camplement of well-preserved scars; in contrast, 
representatives of the Palavozoic Kirkbyacca, 
although ncarly always presenting the charac- 
teristic *kirkbyan pit’ externally, more often than 
not have the internal muscle sear detail oblit- 
crated as a result of impertcet preservation (G. 
Becker, pers, comtn.), In his description of the 
central muscle scar ficld of one group of kirkby- 
aceans, Sohn (1954) concluded *...cven the best 
preserved specimens show only one knob un the 
inside of the valve without any trace of argas of 
aitachment of accessory muscles’. Results of a 
recent te-cxamination of a number ol Sohn's 
types indicate a variety of muscle scar types as 


diverse as that expected for ‘modern’ podocopid 
ostracods. The complete muscle scar pattern tor 
punciids was first described by McKenzie and 
Neil (1983) trom the carapace of a new genus 
Promanawa. lt consists of a central adductor 
group of six scars arranged biseriallv, two dorsal 
scars (the larger occurring on an elevated node) 
and a single mandibular scar. Frontal scars were 
considered absent. Such a pattern, they con- 
cluded, indicated the punciids were benthic 
crawlers with a mandibular coxale capable of u 
transverse biting action (Swanson, 1989b). The 
Kirkbyid pattern, assuming Aurikirkhya worden: 
sis (Hamiltan, 1942) is representative, also 
possesses two dorsal scars and a weakly 
developed mandibular scar (Becker, 1989). In 
contrast however, the central adductor arca con- 
sists of an undifferentiated node and a frontal 
seur is alsa present. Becker (1989) concluded 
that this species was probably a nectobenthic 
tilter-teeder. Ostracods generally exhibit a 
variety of often quite complex central muscle 
scar patterns. Thus, it seems probable that un 
apparent lack of differentiation in the kirkbyid 
node reflects imperfect preservation rather than 
some anatomical peculiarity. Contrasts in the 
central muscle scar fields, as they are presently 
understood, cannot therefore be used reliably as 
evidence against a kirkbyacean-punciacean con- 
tinuum. Additionally, as noted by McKenzic and 
Neil (1983), Premanawa uustraliensis dous 
have a well developed ‘kirkbyid pit’ externally; 
other members of (he Punctidac do nol, presum- 
ably because they nave a much weaker reticulum 


PRILL 

"Ihe punciid selvage is at least an analogue of 
the velar ridge in Beyrichicopida and might well 
be homologous with i! (McKenzie and Neil. 
1983), This is not supported by my work on 
Manawa which indicates that the ventral lunettes 
are structurally and functionally (?) quite dis- 
tinct. From the outset, discussion on the relation- 
ship between the extant Punciidae and a possible 
Palacozoic predecessor has invariably been 
dominated by the presence/absence of hn- 
mologous structures in the frill. “In summary, 
then, Í see no objective basis to separate Puncia 
and Manawa from the Palacozoic Beyrichiidao, 
which as I understand them include Palaeozoic 
straight-backeu ostracods, with both cardinal an- 
gles well defincd; a marginal {rill typically cx- 
tends adjacent to the [ree margins from cardinal 
angle to cardinal angle; the frill is doubly walled 
and has inner partitions corresponding lo exter- 
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nal radial striac; in general, dimorphic pouches 
are formed by swelling of the frill, but such 
pouches are unknown in several early, primitive 
genera’ (pers. comm. from F.M. Swartz to N. de 
B. Hornibrook). In most respects our assessment 
of the Palaeozoic ostracod frill remains un- 
changed, acknowledging that ‘the ability of 
forming adventral extensions has been acquired 
independently in different, remotely related 
groups of Palaeocopa' (Jaanusson, 1957). With 
the availability of modern analogues/homo- 
logues (Puncia and Promanawa), it is now 
possible to compare and contrast this unique 
structure in detail. The total number of chambers 
in each frill is quite variable: 35 in Coronakirk- 
bya hamori, (Kozur, 1985), noting the specimen 
is fragmented; 37-38? in Coronakirkbya krejci- 
grafi, fragmented; 31 in Aurikirkbya sp. A also 
fragmented (Becker, 1978); 55 in Coronakirk- 
bya fimbriata (pers. comm. G. Becker). This 
pattern is repeated in the Punciacca: 28 in Puncia 
goodwoodensis, (Hornibrook, 1963); 40 in 
Promanawa australiensis, (McKenzie and Neil, 
1983); 42 in Puncia novaezealandica, (Horni- 
brook, 1963); 43 in Puncia sp. A (Fig. 2E). In 
Puncia and Promanawa the septa which divide 
the frill into approximately 40 chambers arc not 
radial pore canals (Swanson, 1985); addition- 
ally, access to the domicilium viathese chambers 
is prevented by a thin, calcareous (?) wall or 
membrane (Fig. 4B). At the ventral edge of the 
frill, cach chamber may be completely or only 
partially scaled, the latter resulting from in- 
complete calcification (Fig. 4B). A similar situa- 
tion occurs in most Kirkbyacea, in the 
hollinacean Oepikium and in eurychilinids 
(Jaanusson, 1957), noting however that in these 
Palacozoic taxa most chambers are circu- 
lar/ovoid in section rather than rectangular. Al- 
though some specimens give an indication that 
the kirkbyid frill is composed of a row of distinct 
tubules, [ suspect that this is an artefact of pre- 
servation/extraction and that in life the gaps be- 
tween individual chambers were closed by a thin 
calcareous bridge. Ventral chamber exits, where 
present, were also extremely small since in many 


instances the ventral extremity of the calcareous 
bridge is tapered to a fine edge (Becker, 1978, 
pl.3, figs 17a-c, 18b). Determination of the func- 
tion of the frill must await the discovery of living 
specimens of Puncia or Promanawa, however 
the possibility that these structures performed a 
dual role as both benthic support and gas-filled 
floatation-aid cannot be excluded. Adamezak 
(pers. comm.) has also found some form of mem- 
braneous (?) closure in the crumen of the Ordovi- 
cian genus Craspedobolbina; this he felt could 
indicate a ballast/brooding function for that 
structure. Although McKenzie and Neil (1983) 
suggested the punciid frill did not appear till 
quite late in ontogeny ('until after the develop- 
ment of the anlages of reproductive characters in 
the soft anatomy”), evidence from imperfect 
ontogenetic sequences for Puncia (Fig 2A — E), 
Aurikirkbya and Coronakirkbya (Becker, 1978, 
pls. 3, 4) indicate that it is carried by “early” 
juvenile stages as well. 


PORES AND SETAE 

Marginal pore canals with their associated 
setae, as found in most podocopid ostracods, do 
not occur within the Punciidae. Okada (1982) 
observed that in some taxa (Bicornucythere 
bisanensis) 'no pore runs along the marginal 
zone, though many pores appear to run radially 
in the marginal area of the carapace when ob- 
served from the lateral side with a light micro- 
scope’. One may conclude that in some 
podocopids the so called marginal pores are in 
fact wrongly identified. The stratigraphic record 
of ostracods gives clear evidence that the contact 
margin between the two valves has been a zone 
of considerable evolutionary innovation. In- 
creasingly, workers on Palaeozoic assemblages 
are recognising a wealth of structural detail in the 
calcified inner lamella and it is now established 
that the lack of a duplicature is not a determinant 
of the *palacocopid' condition (Gramm, 1988; 
Schallreuter, 1988). In Manawa and Puncia the 
upper surfaces of the carapace are pierced by 
evenly-spaced, small, simple sensillia or ‘nor- 
mal’ pores. The sole” of the manawan valve 


FIG. 2. Scale bar = 200 um unless otherwise stated. A-E, incomplete ontogenetic sequence for Puncia sp.A. 
Cavalli Islands, New Zealand, 17 metres. Note progressive reduction in sub-dorsal protuberance towards 
adulthood. F, Coronakirkbya fimbriata juvenile paratype, Lower Permian, West Texas. USNM 118486. Scale 
bar = 300 nm. G, Puncia sp.B. Cavalli Islands, New Zealand, 17 metres. Juvenile? Compare and contrast 
sub-dorsal nodes with Figs B and H. Scale bar = 100 um. H, Puncia novaezealandica Cavalli Islands, New 
Zealand, 17 metres. Note sub-dorsal spines. Scale bar = 100 um. I, Promanawa exposita Upper Cretaceous 
erratic, Insel Rügen, Jasmund, Germany. Scale bar = 100 um. J, Puncia levis Upper Cretaceous erratic, Insel 


Rügen, Jasmund, Germany. Scale bar = 100 jum. 
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displays an inner (close to the contact margin) 
and outer row of pores from which moderately 
long sensory setac exit (Figs 3C. 4F). A single 
tow of between 12-15 equivalent pores und sctac 
may be found on the proximal edge of the upper 
surface of the sole (Fig. 3A). Examination of the 
carapace of Puncia between the frill and the 
contact zone clearly indicates thal the manawan 
pore pattern is repeated in this genus (Fig. 4A, 
w 

Significantly, the outermost row of setac on 
the ventral (when the carapace is gaping) surface 
of the frill are extremely long (equal to the total 
width of the frill in most cases}. The flexibility 
of these setae (Fig, 4A) suggests a sensory role 
within the cavity created by thc frill and the 
substrate, rather than one associated with the 
lateral extremities of the drill. Clearly, as the 
carapace gape is increascd the distance between 
the contact margin (and therefore the animal) 
and the substrate is reduced to 3 point where such 
setae would no longer drape; in fact during am- 
bulatory excursions il is likely thal they arc 
drawn across the substrate. [f the punciids are 
capable of dispersal by floatation, it seems likely 
that the animal would then assume a pas- 
sive/detensive role, i.c. the carapace would be 
closed; during such times extreme setal length in 
an area surrounding the carapace opening would 
abviously be advantageous. 

Details of pure types and their distribution for 
Palacozoic ostracads remain scanty, although 
pores have been used as stable "mat ina 
recent study of evolutionary change in species of 
Amphissites from the Lower Carbonilerous of 
Australia and Upper Caroniferous of Texas 
(Jones, 1988). From my examination of micro- 
graphs of Coronakirkbya funbriata | see no evi- 
dence of pore exits similar tu those found on the 
underside of the punciid frill (Fig, 4A). In all 
instances. however, specimen/dcetector ungles 


! Examination of the contact margin lo determine the 
existence uf a duplicature and its relation to the aute: 
lamella have not heen undertaken. Note however the 
structural blue-print for the sole is established with 
the carapace of the nauplius. 


were not optimal for such a search, One ruw of 
assumed pore exits (Fig. 4D) does clearly dupli- 
cate that found on Puncia close ta the contact 
margin (Pig. 4C). Because of their position close 
ta the contact margin/sole, these may be con- 
sidered analogues of ‘modern’ podocopid margi- 
nal potes which penetrate the carapace between 
the outer lamella and the duplicature. There is 
some evidence to suggest that the oldest *ostra- 
cuds' (see discussion Swanson, 19891) were alsa 
open-gaped with pore exits concentrated on tlic 
carapace sole in a fashion similar to thal ux- 
hibited by Manawa. The setal arrangement in 
Puncia therefore could represent an evolutionary 
intermediate step appropriate to a wide-gaped 
ostracod, in which a domiciliar ‘early warning’ 
system is afforded by the frill and extremely long 
setae. In extant benthic podocopid ostraceds, 
because of their vertical orientation, carapace 
shape and narrow gape, the greatest concentra- 
tion of the longest and most diverse sensory 
receptors (marginal pores and their setae) occur 
around the valve periphery near the contact mar- 
gin. 


LOBFS 

In both the Kirkbyacea and the Punciidacsome 
representatives carry externally near their dorsal 
margins structures ranging from ‘lobes’ (used 
advisediv since Jaanusson, 1957 considered 
lotes as external expressions of internal relief) 
as in Aurikirkbya and Coronakirkbya to bulbs, 
ridges and spines, as in Puncia (Figs 2 E, G, H). 
An incomplete developmental sequence for 
Punciasp, A (Figs 2A —E) clearly illustrates the 
progressive reduction in relict of two perforated. 
mid-dorsal, admarginal ridges. Although equiv- 
alent hollows are found on the interior of the 
valves, they are poor reflections of the external 
condition, especially in juvenile valves. Struc- 
tural duplicates (for which subsurface and inter- 
nal carapace detail is not available) in the 
Kirbyacea show a similar developmental pattern 
through ontogeny. [n species of Puncia, the 
shape of these adimarginal lobes is extremely 
variable; elongate, bulbous und spinose forms all 
occurring in the New Zealand assemblage (Figs 


FIG. 3. Scale bar = 100 pm unless otherwise stated. A, Mfanawa tryphena Cavalli Islands, New Zealand, 5 
metres. B, Manawa staceyi Cavalli Islands. New Zealand, 17 metres. Entire carapace in life position. C. 
Manawa staceyi Cavalli Islands, New Zealand, 17 metres. Entire carapace in life position inverted lo expose 
soft anatomy. D, Manawa staceyi Cavalli Islands, 17 metres. Nauplius, Note slight bending of carapace. E. 
Manawa staceyi Cavalli Islands, 17 metres. Naupliar carupace. Arrow indicates double-walled nature of sale. 
P, Manawa stacey? Cavalli Islands. 1 7 metres, Metonaupliar carapace. G, Melepezzsus syltensis Ordavicina, 
Paleo l Sy It, North Sea. Geolowisch - Palisentelesecnes Lost dir E nerady ari (OPE 1? 3) Other 
view of larval" carapace. H, Vertical view, specimen as for 3G. 
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24; 3G, H). Alternatively, in Manawa (Fig. 3A, — curs (Bate and East, 1972, 1975), The carapace 
B), Promanawa (Fig. 24) and Puncia (Fig. 21) ot most padocopid ostracods is also picreed by 
lobate surface-swellings may occur in zones small’ aormal' pores which display an enormous 
equivalent ta Li and L3 on paleocopius. variety of form. Generally. such structures pra- 
Functionally, the more compact and defined vide (a) exits for sensory setae and (b) accam- 
ridges, knobs and spines remain a mystery. The = modation for basal accessories of such setac. 
fact that their surface expression is more pro- Both Manawa and Puncia do have normal pore 
nounced carlicr in ontogeny suggests some form — exits bul these are easily distinguished from the 
of larval aid, noting that the subsurface detail in perloratiuns presently under discussion (Swan- 
adults has not been investigated. Shape does nov sun, 19894, figs 2, 3, 9, 10; Fig. AF, 1) by the fact 
appear to influence the basic pattern of the com- that the latter do not have setae. They may he 
ponents making up the larval admarginal ‘lobe’. densely-packed, simple. vertical tubules (Pun- 
The dome or roof is always smooth and, unlike cia, Fig. 4A, B, G) or larger countersunk farms 
the rest of the carapace, unperforated; the lobal in which the external mm is either papillase 
floor has a rough texture which suggests the — (Afanawa stacevi, Swanson. 19892, figs 3, 5) ar 
cpicuticle envelopes the entire structure. Lastly, spinose (Manawa tryphena, Swanson, 19893. 
the basal periphery nf the lohe is interrupted by fig. 2). Both manawan types of duct are cx- 
a number of portals in which the carapace per- tremely complex internally with *epieuticular 
forations are organised in a roughly semi-circu- lining forming 2-3 continuous, membrancous 


lar pattern (Fig. 4G). bridges across vach duct. 
Studies of the calcified portions pf the ostra- 
INTFRNAL STRUCTURE cod carapace clearly indicate that such structures 


Earlicr (Swanson, 1989a), | gave an indication are an economic Solution to an architectural 
thatthe internal structure ofthe punciid carapace problem. ‘The carapace is impregnated with 
also warranted further investigation. In both massive layers of calcite during the molting and 
Manuwa and Puncia, numerous, small (2-5pm) consequent growth process (unlike phyllopads 
‘ducts’ pertorate the carapace wall perpendicu: and cladocerans). The result is a heavily ar, 
lar to the external surface, excluding lobes and mourcd animal. There have existed through ge- 
frills or their equivalents (Fig. 4B.1; Swanson. — ologic time as many as twenty lo thirty thousand 
19894, pl.2. fig. 10). In benthic podocapid ostra- species, all representing experiments in carapace 
vods, the calcified partion of the carapace con- design. As unlikely as lhe basic body plan may 
sists of a reticulate chitin fabric the interstices of — seem. ir hasobviously been successful” (Benson, 
which are filled with fine crystals of calcium = 1981). As could be anticipated, therefore, the 
carbonate; in those ostracods (c.g. pelagic my- carapace of benthic ostracods is internally coher- 
odocopids) for which flexibility and/or low — ent with few breaks (normal pores) interrupting, 
weight seem a priority a lamellar chitin structure * that continuity and often with external beams 
similar to that found in decapod Crustacea oc- and ridges providing additional strength at a 


` 


#1G 4. A Pinciasp.A. Cavalli Islands, New Lead 17 metres IDnternaleastoce ed tril lett = ventral) stonei 
pore exit and seta (arrowed), Scale bar = 20 pm. B, Puncia sp.A. Cavalli Islands, New Zealand, 17 metres. 
Longitudinal section of frill showing exposed chamber and septe (upper surface = ventral). Note break is 
slightly oblique therefore top of next chamber also exposed, Arrow indicates ‘calcareous’ membrane which 
closes the demi idum othe trill Nate alsoumpertect culeiteation of fall atdistal (righthand extremity Seale 
bar = 20 um. C, Puncia sp. A. Cavalli Islands. New Zeulund, 17 metres, Frill and external ventral periphery 
of dumicilium. Note pore exists and setae (arrowed) below curapace sole. D. Coronakirkbya fimbriata Lower 
permian, West Texas. USNM 118488. Ventral periphery of domicilium showing assumed pore exist 
(arrowed), Scale bar = 30 um. E, Coronakirkbyu fimbriata Lawer Permian, West Vexas. USNM 118488, 
Ventral view of entire carapace, contact margin at top of picture, Seale har = 300 pim. F, Manawa stacey: 
Cavalli Islands, New Zealand, 17 metres. Contact zone or sole of left valve showing two rows of pores and 
associated setae. Scale bar = 20 um. G, Puncia SpA. Cavalli Islands, New Zealand, 17 metres. Subdorsal 
protuberance Note carapace per[oratiens centre under puia). (a Des | ard eemtreshing texture of extesmal 
curapace surtace and protuberance Hoor Sale bar = Toum IL Vurikirkhva werden i Midale Permian, Wee 
Texas, USNM 1102323, Partial view of surface reticulation. “Membranons” closure (partial) at base of sach 
reticulation arrowed. Seale bar = 60 jim. I. Manawa stacevi Cavalli Islands, New Zealand, 17 metres, Note 
“equivalent” partial closure of one reticulation (arrowed). Scale bar > 4 um. 
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minimum cost physiologically (Sylvester- Brad- 
ley and Benson, 1971, figs 1-3; Bate and East, 
1972, fig, 2; Okada, 1982, text-figs 1, 16). 

Why have the punciids taken the development 
nf catapace perforations to such extremes? One 
possible answer lies in the unique gait of the 
animal. Whilst walking, both valves are carried 
aloft and extended, supported by relatively thin 
and poorly chitiniscd cephalic and thoracic ap- 
pendages. I have already indicated thata pivotal, 
side to side rocking motion for Manawa staceyi 
as it walks (Swanson, 19893) would suggest that 
the weight loss, resulting from a denselv per- 
forated valve, provides a partial solution to some 
locomotory problems, The relatively high den- 
sity of perforations in Manawa may be used also 
as additional evidence to indicate the value of the 
frill of Puncia as a bvoyant balancing aid. Al- 
most all Kirkbyacea present a punctate pattern 
externally which duplicates that described for 
the punciids. Whether these negative carapace 
fcatures penetrate the entire thickness of the 
carapace wall in the Palacozoic forms is un- 
known. 

In some kirkbyids, however, the internal ex- 
pression of the reticulum (if it exists) could be 
masked by a very thin 'culeified' membrane 
which may represent an extension of the inner 
lamella (H. Kozur, pers. comm.). Such a mem- 
braneous layer is commonly encountered in 
specimens of punciid ostracod and although ex- 
tremely thin and transparent is sufficiently elec- 
tron dense lo obscure structural detail below 
(Swanson, 1989a, fig. 14, top right hand third of 
micrograph). Becker (1989) has also described 
subsurface closures of puncta in the kirkbyiu 
Aurikirkbya wordensis which parallel those 
found in Manawa (Fig. 4H. I). | am unaware of 
the existence of equivalent structures in other 
extant ostracods. 


SOFT ANATOMY 
it is not my intention in this paper to discuss 
homologisation of manawan appendage seg- 


ments, but detailed histological and scanning 
electron microscope examinations of their 
development through ontogeny are proceeding. 
Onc must acknowledge that whatever the result- 
ing interpretation it will inevitably not meei with 
universal acceptance. ‘Although the terms ex- 
opodile, endopodite, cpipodite and the like are 
applied to nstracode limbs by various authors 
(not always harmoniously) in fact it is very dif- 
ficult to homologise the individual parts of ostra- 
code limbs with those of other Crustacea’ 
(Maddocks, 1982). Previously, 1 suggested that 
the punciids have only three cephalic append- 
ages (antennulc, antenna and mandible) and four 
pediform thoracic legs. This condition (the pos- 
session of four thoracic segments) had also been 
proposed for Cambrian bradoriid ostracads 
(McKenzie and Jones, 1979). This is clearly at 
odds with the generally accepted limb/tagma 
formula for ostracods. `lt seems clear that the 
first four limbs belong to the cephalon and the 
last two to the thorax, but the fifth limb has been 
claimed for both’ (Maddocks, 1982). 

Anderson (1965, 1967) acknowledged that 
embryological studies of post-mandibular seg- 
ment formation is of little value in assessing 
phylogenetic affinities amongst non-branchi- 
opods because the possihility of paraphyletic 
derivation can never be excluded. Equivalent 
studics may prove useful in some areas of pun- 
ciid biology (segmental origin of limbs) and 
phylogeny. The fundamental difficulty as- 
sucialed with the concept uf a specific group of 
limbs allocated to specific tagma is how docs onc 
prove it and to what end? [n most Crustacea, tlic 
mesoderm ol the post-naupliar region even in ils 
earliest stages gives evidence of differentistion 
into somite rudiments of post-maxillulary seg- 
ments; i.c., differentiation of some mesadermal 
tissue into cellular clumps from which thoracic 
elements arc derived is initiated during the 
naupliar stage, Consequently. i( would be diffi- 
cult to divide such à developmental sequence 
when it is effectively a continuum. 


FIG. 5. Scale bar = 100 pm unless otherwise stated. A, Manawa Stacey! Cavalli Istands. New Zealand, 17 
metres. Posterior of body (male) including thoracic/abdominal elements and right valve. Scale bar = 40 pm. 
B, Manawa staceyi Cavalli Islands, New Zealand, 17 metres, Ventral oblique view of abdominal segments 
and furca. Anal flap arrowed, Scale bar = 20 um. C, Cytherella sp.A. West Coast South Island, New Zealand 
SON metres. Posterior-most abdominal segments and furca (male), Note anal flap and faecal pellet (arrowed). 
Scale bar = 40 um. D, Cytherella sp.B. Oft Kaikoura, South Island, New Zealand, 380 metres. Trunk showing 
segmentation und genital labe, gravid female P CytercHasp R Ott Kaikoura, South Island, New Zealand, 
380 metres. Trunk showing abdominal and thoracic (inenmplete) segmentation and hemipenes. male. F. 
Cytherella sp.C. West Coast South Island. New Zealand, 910 metres, Ventral oblique view of furca, trunk and 


hemipene. 
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In terms of ‘phylogenetic’ studies, Anderson 
(1965, 1967) gave indication of a embryological 
developmental progression from that of the 
cephalocarids in which ‘mesodermal segmenta- 
tion precedes ectodermal scgmentation in the 
primitive manner’; to the derived malacostracan 
condition in which 8 mesoteloblasts ‘....bud off 
successive rows of 8 cells which form the somite 
rudiments of individual segments, and a corre- 
sponding row of ectotcloblasts bud off ectoderm 
which lies outside the somite rows and becomes 
segmentally associated with them’. Embryologi- 
cal studics of ‘primitive’ and ‘modern’ ostracods 
may give some indication of polarity within 
Anderson's sequence and as a result confirm or 
refine present concepts of ostracod phylogeny 
and relationships with other Crustacea, 


ABDOMEN 

Ostracoda are generally regarded as non-scg- 
mented and cephalised (McKenzic, 1983), and 
their trunk and abdominal reduction, as a result 
of segmental loss, is (he mast extreme of any 
crustacean. Nevertheless, alter a study of the 
chitino-skeleton of several living taxa, Schultz 
(1976) concluded that ostracods had abdominal 
segmentation earlier in their phylogeny. On the 
vasis of this evidence and the possession of other 
‘primitive’ limb and carapace characters, at least 
five groups of ostracods are repeatedly utilised 
as providing examples of bauplans (acknow- 
ledging such constructions only as indicalions of 
what is possible) from which ‘modern’ ostracods 
muy have evolved. | have excluded the Poly. 
copidac from this discussion because they have 
fewer segments in the trunk (Fig. 6D, E). Sai- 
panettid ostracods will be discussed only in a 
general sense because detailed electron micro- 
graphs were not available for study. As noted by 
Maddocks (1982), Schulz considered Saipanerta 
to represent a phylogenetic intermediate be 
tween the ancestral Platycopina und descendant 
Podocopina. On thc basis of the carapace detail 
Schallreuter and Janes (1984) included the Pun- 
ciocopa (Kirkbyacea and Punciacea) in the ex- 
tant Platycopa. Discussion of morphological 


aspects of the abdomen of the platycopid Cy- 
therella is warranted because superficially, at 
least, il appears to resemble ihat described for 
Manawa staceyi (Swanson, 19892). 

The trunk of male cytherellids is dominated hy 
paired hemipenes which are attached to the body 
on or near segments 5 to 7 (Figs 5E, F, 6A — C). 
Chitinous skeletal elements ot the abdomen are 
produced anteriorly to provide what may he 
structural support for each hemipenis and genital 
lobe (in females). Fram the present study the 
precise otigin of each hemipenis could not be 
determined; what is encouraging however is (2) 
its structural variation between taxa and (b) the 
existence of ‘segmentation’ (Fig. SE, F) indicat- 
ing a potential source of important taxonomic 
and phylogenetic information. The anlage of the 
hemipenis appears quite early in ontogeny (A-3 
or A-4), as docs abdominal segmentation (Fis. 
6C), 

Kornicker (1975) argued that the position oÍ 
Ihe furca relative to the anus should be given 
more emphasis in ostracod classification. Schulz 
(1976) figured the cytherellid trunk as bring 
composed of ten segments, a telson and furca: 
according ta nim the anus was Incated betwcen 
the tenth segment and the telson, dorsal to the 
furca. Kornicker (1975) alsa placed the cytherel- 
lid anus dorsal to the furca but behind the telson. 
Scanning clectran microscope examination of a 
number of critical-point dried specimens of Cy- 
therella confirms Kornicker's View. The anus 
occurs after the last Full segment and an anal Map 
is present (Fig. SC). Also of interest is the pre- 
sence of a ‘faecal’ pellet composed of coccolith 
remains ^vhich may indicate that cythercllids 
operate as ‘collectors’ (Kornicker, 1975: 41) 
rather than as efficient benthic filterers (Cannun, 
1933). Nate also that thc postcrior-most (in life 
position) ventral elements of the furca may also 
function as 'housekeeping accessories (Fig. 
5F). 

Members of the Punciidae also have ten trunk 
segments with a poarlv understood “reproduc- 
tive* element between segments 5 and 7. Both 
Cytherelia and Menawa carry paired lamel- 


FIG. 5. Seale bar = 100 um unless older se stated. Cytherea sq ie ly Vie Cush th lamb New Zeanl 
32) metres. Ventraboblique view of male abdominslsegmens urea and hermperes B.C iicrellasp F. Wert 
Coast South island, New Zealand 420 metres. Hermipenzs aed abdewen take) C. C ierella sp B Gre 
Kaikoura, South Island, New Zealand 380 metres. Trunk and hemipene of juvenile male, D, Polycope sp. 
Inside Crayfish Reef, Kaikoura, South Island. New Zealand, 13 metres Entire adalt en; losed in night vate 
abdominal segments arrowed, E, Polycope sp. Inside Crayfish Reet, Kaikoura, South Island, New Zealand, 


lagretres Entire juvenile enchlased irr gh 


ile dbdominalseaments arrowed P. Vewawa stacey; Cavalli 


Islands, New Zealand. 17 metres. Metanauplius 3. anal segment and furcal anlage. Scale bar = 10 um, 
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liform furcae, the setae of which differ numeri- 
cally (more in Cytherella) and structurally 
(derived ?). The anal position in Manawa dupli- 
cates that found in Cytherella although in the 
former the anal flap occurs after the ‘telson’ (Fig. 
5B). Both Kornicker (1975) and Schulz (1976) 
indicated that in Saipanetta the anus exits dorsal 
to the furca. This was seen by Kornicker (1975) 
as confirmation of the podocopid status of the 
saipanettids, since members of the Myodocopida 
(with which Saipanetta has some furcal similar- 
ity) have the anus ventral to the furca. The fact 
that Saipanetta has six trunk segments and a 
telson shows that its abdominal condition is 
more derived than that of platycopid or punciid 
ostracods but less than that of most extant ostra- 
cods. 

Abdominal evidence for a direct punciid-platy- 
copid link (Schallreuter and Jones, 1984) is not 
convincing; when combined with substantial 
contrasts in anatomy and carapace structure it 
seems unlikely. I suggest that segmentation of 
the trunk and abdominal configuration as found 
in Cytherella and Manawa is the plesiomorphic 
condition for ostracods. This does not exclude 
the possibility that both lineages developed in- 
dependently. 


CONCLUSIONS 


1. As indicated by Hornibrook (1949) and 
confirmed by the present study, the carapace of 
the Punciidae is unlike that found on any other 
extant ostracods. 

2. On the basis of detailed comparison of a 
number of key carapace characters it is con- 
cluded that punciid ostracods are the only living 
representatives of the predominantly Palaeozoic 
Kirkbyacea. 

3. Similarities in abdominal soft anatomy of 
platycopid and punciid ostracods probably re- 
flect the plesiomorphic ostracodal condition; 
contrasts in other aspects of soft anatomy and the 
carapace suggest that the inclusion of Puncio- 
copa in the extant order Platycopa is unwar- 
ranted. 

4. The position of some Cambrian bradoriid 
*ostracodes' in which the abdomen is reduced or 
absent should now be reassessed. 
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